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@ Membrane-supported immunoassays. 

© Improved, economical devices for immunoassays employ a 
reusable syringe or vacuum manifold to pass samples, by 
means of a pressure gradient through a membrane containing 
an affinity partner for analyte. The devices can also be adapted 
to direct blood sampling and to automated assays. 
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Description 



MEMBRANE-SUPPORTED IMMUNOASSAYS 



Technical Field 

The Invention concerns the testing of samples, 5 
especially biological samples, for desired analytes 
using Immunoassay. In particular, It concerns an 
Improved apparatus and procedure for conducting 
such assays on membranes which enhance the 
sensitivity of the assay and the economy of the test. 10 

Background Art 

Immunoassay procedures are so commonly used 
as to make unnecessary elaborate discussion of the 
topic in general. In is well understood that a variety of 15 
formats can be used, generally involving the con- 
jugation of an immunoglobulin or fragment thereof to 
a solid support, followed by specific binding of the 
antigen and labeling the supported conjugate in 
some manner. Alternative protocols permit, for 20 
example, the antigen to be bound to the support, or 
the anaiyte to compete with its labeled counterpart. 
There are also immunoassays which do not Involve 
solid supports but precipitate the Immunoeom- 
plexes. - 2S 

Recently, assays have been constructed wherein 
the immunoglobulin which Is specific for anaiyte is 
embedded In a porous membrane either physically 
absorbed, covalentiy bound, or entrapped attached 
to particles, and this membrane Is placed in contact so 
with an absorbent material which withdraws the 
sample and reagent solutions through the mem- 
brane by capillary action. (See U.S. Patent 4,632,901 
to Hybrltech). By utilizing this capillary action, the 
reaction time is decreased, and the assays are mora 35 
convenient. The current commercial name for this 
format Is "ICON*, evidently an abbreviation of 
"immunoconcentration". 

One disadvantage of the ICON configuration is 
that the use of capillary action to draw the materials 40 
through the membrane, in addition to limiting the 
volumes that can be used, and confining the test to 
Individual samples, requires that the absorbent 
membrane and housing be discarded after each 
test. This increases the cost of the test, and limits 45 
sensitivity to analytes whose concentration In the 
test solution is sufficient to accommodate the 
volume requirements. 

The present Invention remedies these disadvant- 
ages by providing a disposable means for drawing so 
the sample through the membrane, by providing a 
mechanism for utilizing arbitrary amounts of sample 
volume, and by providing the opportunity for simulta- 
neous multiple sample development 

Disclosure of the Invention 55 

The invention is directed to methods and appara- 
tus for membrane-supported immunoassay, or other 
specific binding assay, which permit the use of large 
volumes of sample, employ reusable components, eo 
and have, as the consumed component, only an 
inexpensive membrane assembly. The apparatus 
and methods of the Invention ais permit direct 



testing of blood or other withdrawn fluid samples 
The method and apparatus of the invention are 
appropriate for any assay which is conducted on a 
membrane and relies on specific binding between an 
affinity partner and the anaiyte. 

Thus T in one aspect, the invention is directed to a 
method to conduct an assay, in a (usually biological) 
sample, for an anaiyte which binds to a specific 
affinity partner. The specifically binding affinity 
partner, for example an antibody, is embedded in a 
membrane which is supported in an assembly which 
fits onto the body of a syringe or other recoverable 
apparatus for creating a pressure gradient The 
assay is conducted by passing a sample of the 
material to be tested through the membrane, either 
by withdrawing the sample into the body of the 
syringe or other vacuum device, or by using such 
device to "push" the sample through the membrane 
Detection and/or quantitation of the anaiyte from the 
sample bound to the membrane is then achieved by 
conventional means, such as binding to additional 
specific affinity partners which contain label. The 
preferred methods of the Invention may include 
washing steps which can also be conducted by 
withdrawing or otherwise propelling the wash solu- 
tion through the membrane. 

In another aspect, the invention relates to various 
improved designs for apparatus useful in the method 
of the invention. One such design comprises the 
membrane supported in a syringe-compatible as- 
sembly. Another design provides a disposable 
membrane support which can be placed on a flat 
surface and maintains the horizontal position of the 
membrane as well as providing means for linking to a 
syringe or to another vacuum device. Still other 
designs Include removable chambers which permit 
placement of reagents on top of the membrane prior 
to application of a vacuum, and additional upstream 
components which permit packaged supply of 
reagents or direct sampling of body fluids. A variety 
of designs is compatible with the method of the 
invention. 

In still another aspect, the Invention is directed to 
test kits suitable for conducting these methods. 

Brief Description of the Drawings 

Figure 1 shows an embodiment of an appara- 
tus of the invention assembled In position at the 
syringe inlet. 

Figure 2 shows an embodiment of the 
membrane housing assembly components. 

Figures 3A and 3B show an improved design 
for a membrane supporting assembly in unas- 
sembled and assembled form. 

Figure 4 shows disposition of the membrane 
housing with a removable chamber. 

Figure 5 shows a conceptual drawing of a 
vacuum manifold to which the membrane 
housings can be attached. 

Figure 6 shows a cap arrangement for a 
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pleasured connate to be reacted wit, 
"S£. 7 shows an apparatus tor direot 
measurement °< "ood. q{ adaptatlon 

ModesjrfCa^^ 

""Tn^nw^^^e embodiments 

shown as separate Q oompon ents In 
and 3A. and as assenwi d , mentSj a 

Figure 3B. '» «?^? e ^^ucted of oon- 
membwe. which can oe lmmunoa ssay 
ventlonal materials used ^ flber . 
procedures, such . as ^ ,os ° nd the „ ke ls 

gtess. n ltr ° oe,1 S h asewhichlsdeslgne^ 
supported '"" ^Se with the body of 

ssw rr^pj^on- 

molded components. from 
The 'ohe^stry- of the assays <s . 
standard immunoassays and la ^ ^ 
binding teste are Immunometrlc 

most com^ « embrane contains an 

assays In wh ! on " nt there0 f , such as an Fab 
antibody or afragment thereoi q be 

orF(abM2tragmentspeclfloWtn j ^ 

detected « J^^SJ^dS* "on the 
analyte to the me H ^ n ^e bound analyte Is 

sr»jrK£?- - 

^^^^ « 

based on antibody prep- 

both polyclonal ^«2*?m, des lred specific 
iratlonsareusedtoeffecttn ^ me 

Interaction, or cour . common, 

invention Is not *3£ bln dlng also 

specific hormones and 

occurs. to ^ e ^ P !ri e Scosylated proteins. 

recep ^f' inn htothT-The method, apparatus, 
and avtdln and blotm. me app1ica ble to any 

assay which relies on xna M f an 

analyte in the «"«^J5k£d therein, 
interaction with a reagent mo ea ^ 

the membrane Is u ~ the 

another ^ «2fiS£ present, and In 
membrane only ^en analy« MP ed 
proportion to the amount cj anaiy 
Typically, this is an ^°i^°Wch contains 
specifically b ^ B ,f n a^ch as radioisotopes, 
some form aMJJJa such Typ , oa , 
fluorescent ma terlais. ' or a i r ' otner radioi- 
labels include °eagent. for 

sotopes ^Jg^SSU S-* A. 
K^mSS?-i* as fluorescein or 
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dansyi. enzymes ^J^TSE 
which can bo^^^SifoThorseradish 
such as alkaline P****^, » oolloidal 

with the method o f tne in ^ 
contemplated^ For the mem- 

L U9at9 Tnd?he Se binding may alter the 

"SffciSL Any affinity-pairing, 
entrap It In. the memu™ . ' twction of 
partner totheanajje's ^J^ ereln 

the reactive BjJJJ^, mch binds to 
parmer" refers to any suos ^ 

the an ^ e ;' n pd T n , h P e membrane will be 
partner included in ™ " „ will bind to 

thelabellngreagent wWch , s 

The assembly of tne > «™ , adapte d 

for use with f ropiace a(jross 

means for applying ^ simple as 

the membrane. Thiam^ can M 

an ordinary syringe or can oe 
designed vacuum manrtold. ^ (M 

By avoldmg *e use or c P , ^ 

described in OS 4 f 32 J= u1 l aas th rough the 
sample and reagent to pass 9 q{ 

In particular: nrftS _ ure gradient can now be 

3) B«»uss *' P™ 5 !"^ sample. W 

eo through the rnennbrano. conven tional 

The foregoing «Jg*2££ apparatus for 
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--S55^2^f des,gns * • 

with use in the rnsthoriT^ "J? are compatible 

- b f^ 

Figure 2 Is a »er 20T „ °f ? ember M 8h ™n In 

base is th J i ^LT " 3 

membrane sealed sTa?^^ 9 ^ 3 " 98 With *. 

fcundmememb^Th^ 
female Luer lock for i J„ former comprises a 

The housing fo Thi ^ T"™* ° n, ° a V»i 

desired, additional sutm^f; membrane and. if 
302 Is seated on 1 Stto^ m ?l and/ ° r prefl,te ' 
«■ '""stratlon comtiS a fe^L"! 156 ' 3 ° 1 ' "■** ■» 
for a syringe The , 8 Luer °P er "ng 303 

WS^^^£^ 4 the 
housmg fe held in place by vKSSfS 0Uter 
Hp at the top 306 Hours ^ Ihl! ^ design of tne 
sleeve in ^i^Tn^Z^SB^^ 
same embodiment In assembled fonf WS tte 

thereto as shown PnlXZ? 5 '™* is sa cured 
provided ae a dii5e?nrtratL^ aSSemWv is 
ft the site of the assay A^h e ^ m than Ambled 
Inexpensive, the use 0 ? ™ C0m P°nent 3 «• quite 
Practical, and provldL 1 Z;! 936mb,8d Un,,a ,s 
easily achieved result * re P rotluo 'Wa and 

aS^a^v^^ 
is made throve L^W* T!" 8 •""•"•nt 
available svrin^" Jl -^ and commercial^ 

s housing shown in 
sd. 
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- miougn tne Luer lock 

available syringes are suitable The h 
Rgure 2 may be simllarty attached " - 

used to 

example, as sholn inTglre* Z'^k F ° r 
housing of Rgu re 3 can belted me mbrane 
chamber which holds reao Pn t= h a re movabIe 

>althg-tobedrawnthfS 
"seful | n a ™, of rt, tne mamb ™e. This Is 

pafflcularifmumpTe :ampL a r ;To S b^ 0eS • bUt in 
simply assayed at on»^T . *?, 0 be compared or 

manifold Sownh^ou™ V" ° asa ' tne ^cuum 
membrane S n aS 9 D ? aca r a ^ be usefu '- 
shown in the d agr^uS °" ** man,fold as 
nipples and the sa^i« ~ B for 8Xani P ,e ' ma 'e Luer 
on top of the meS 0r Jfj^t Is allowed to eft 
Pressure XTnS^-,^ Wion of the" 
manifold positions Is flHrw , he u des,red nu mber of 
to withdraw mes^Ktt^^'^sufflcient 
unfilled positions Se l^S^"^' Anv 
vacuum is turned on so that md *• 

simultaneously ImoreonL?. * e membranes are 
terial. Thus. rtSffitaS T *? Sam P |a ma- 
simultaneous reartion 1 0f contact time and 
receive ^^ZT^^' «* a « testsS 
specimen and reagem An afim^ t0 both me 
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'n a seml-quanZKsay kn ° WnS - Th ' S resu,ts 

aTanlTdy'^Tr "? « ° f 
be detected has b*fi ' ^"l^ ^ to 
the assembly. The assemhi,, .! .1 *"* membrane of 
body of a syringe 7£ rt ! ,e " 8ttached to the 
5-25 ml. The volume of?hS l°' Uma ' W^'V 
exceed the voC Vt^^t^^ 
accommodate both samnte^ ' 88 ,f can me n 

The appropriate " ^f 1 ' 8 f nd wash solutions, 
'"to th^syC ^TS^SH' 8 then witndra ™ 
oouree, m euseofthR.w,^ 9h the me mbrane. Of 
measurement 

volumes are of tte'oSrf 5-T 0 ^ Bamp,e 
range of volumes is usable »J V* but a 
of syringe. As sta ed a^ovk ? h rd ' n . 9 ,0 ,ha °hoice 
ohosen so that should be 

wash solutions ; for example S J5 accom modate 

aK* a 10 m ' Syri "S 'e applrWe 6 V °' Ume 

be washed wim,Kampir 2 ?X e f may ° Pt,ona, ' v 
Is not necessary P * M ml of Watar . butthls 

toSmeSbSKb°e r rT feth - 
of detecting Xfon ^ °^ byad * n 9 d ™Ps 
small volume mav b« JSsJ F* 8 " me mbrane. or a 
solution of coXSe or f° m 8 d,,u 'ed 

membrane into tK n oe Thf ri 9 f L thr0U9h *• 
allowed to remain rnSct2.hti eO,i0n rea9ent ,s 
Preset time, usually of me oX ^? me o mbranefora 
even less, before ^washlnTt, * z «*»***. or 
withdrawing an IS" 08 " 9 18 done b V 
the membranTlmole sX^ * 

be'UKrtS 8 ^' 9 ' \ 9 - Uri " 8 - - a V 

assembly | s attached 8 . fore tha membrane 

syringe andTrough' S ih"^ 8 ? 0 ° Ut of *• 
with a specific blnd?n a SM? Smbrane Impregnated 
tested, fhe ^^ffi^* 9 '"be 
as described t83t ,s tnen conducted 

«5S5ES£^^ such as of 

results of the test L*J ?*? ctabl ° Per se, the 
example if an Z^LT dlreot 'y- ,f not, for 
substrate iS^SSSST ^ iS U8ed ' a 
by withdrawal through tne ^1™"*™° e,tner 
solution of substrate or bv art m ^ rane of a di,u te 
of the substrate soTuWon K ^ " 1CUbat, ' < " 1 
appropriate time, aglKroxTmirfo' 18 foran 

permits the development of t^wf^J" 2 m,nufes . 
Generally »SKL? 8 datectab 'e result. 

con,unctlon yS wr P oi e ^ 

wherein the same procedureTs *u2f f? Contro,s 

Ing a solution comSnlna a knntn ' but subs «tut- 

for a negative control. nalyte ,s absen t 

MultjPleamultene^^ 

samples required In 7h£ J ' and thus muf «P'e 
holders ^h^*?^^ ^ ni«^ 6 
*ngs, such as those typified In 
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Flgures 2 or 3 ? placed fSJSatSaS 
example, Luer nipples. of » ™£ ^ the 

samples it membranes need to 

removable chambere. since nen, 

be impregnated with sampte ^ houslngs 
neously.Thus.atthe^ thememDr ^ ^ 

containing these chambers are p. 

manifold. , eneelmens or controls 

The required volumes of vacuum , s 

are added to specimens have 

turned on and maintained unW ail ^ ^ 

passed into the manifold. The , vac 
leased and the nex ^reagent ^^uum , s 
conjugate. Is added to -*JJJ reaction time Is 
then applied again, end a s utta^ Die r Qf 
permitted before washing *s ^ 

wash solution by * Ddrt '°" °, ea ^ 0T vaC uum. 
chamberand^on^de^f^^ 

If enzyme label Is used, me a d lnt0 the 
thenapplledtotheohamb^^m Muum> 

membrane by appl-ca ion and « e^ y 



D!reolSam£!eMe«u^|ni . fied tQ 

obtain and measure a s ^ n f re „ oved through 
internal fluids which ^^wS^Si supply of 

the sample through th e mem- 

example, is wil ™ raw rJ«inrt e r of the assay proce- 
brane and then the A suitable 

dure conducted as described aoove 
, 0 apparatus for this approac ' '^"^ lc f ed ,„ 

T rel 3 is mtedT^a^ap £SK theU Luer 
F gure3isfitteawiin«n«Hv sample s thus 

nipple for a syringe f°f me T ^Tand into the 

withdrawn directly P^^K above, except 

chamber. 
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^SS^S^^^^T^ membrane format 
- Instltlanothe. alla..«aw. t»m 

can be applied In c°""^'°™ ^ 0 f specimen, 
upstream of the memb^e in tn ^ 

which .contains the J*^ B J^ e , n the specimen 
and thus Prereacts w^h the^ poroug 
before, entrapment in he , mems ^ cnamberf0 r 

support car l^Pf^'S^uum withdrawal or 
the application to mastoid vac ^ |n a 

can be placed upsUeam otm« 
syringe arrangement ( by ^ BUitable sr- 
p'receding the housing <™™™ a 6. where the 
?angement Is diagramed Mn B^re ^ g )g 

membrane assembly, sucn SU pp 0 rt. 
flttedwimthecapcontalningj^ oug support 

■in one tyP'^/ m ^ a ^ t Sody directed to an 
contains labelled ^^XlaW^'s drawn through 
analyte to be tested^ samp ^ 
the porous support and »e anay» ^ ^ 

,abel with « P^ o e ,^ e rKo concentrated on 
analyte. now bound tohbej£ dfor readIng 
the membrane. The cap s men ^ used 

K the label Is read dlreotty. < « £ en zy ^ ^ 

the substrate solution Is added. Jm ^ ^ ^ 
manifold the substrate padded y wlthdrawn 
chamber; If the syringe assembly » , 3 
through the membrane. Heaamg 
done conventionally. proce dure to two 

This alternative reduces^ me P r ma „ 
steps and simplifies the procedu e. am o g 

support. 
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include reagent In a vawy w h d , s 
advantageously, the , tot ^P^^Xin contact 
the freeze-drvlng ° f ^^ ^s^nslons of the 
with the support. Soutions ^ P supporting 

materials and dried etther under ^ ^ 

reduced pressure, lading VP ^ beadSi 

alternative, the reagents can MP carrlerg 

• such as Wax b eads and these ^ 

^ lQ „, fnr the invention method to be 

-it is donvenient forthe inven ^ of 

packagedasak.t.AWicalWtwo ^ 
40 ^op^oruTeT: Poorer assay In sultabie 
containers for easy use. disposa ble outer 

really . J* ^glfj* Jfi5 as^embiies 
manifold and a P 1 "™^ ° l sufflcjerrt reagent to run 
and other Replacement Wts 

need not Include Wiesynns I ^ ^ appa ratus 

The Mt ^^SSrteS such as a rack for 
which render the test easier to • b Wes for 
placement of the syringe and dropp *w 
,5 dispensing the reagents - of ^nvenl- 

able pipettes, and other °P V0 " „j oontain 

ence. Generally, however tha^ kite w^ 
instructionsforperform^oe of^^t ^ ^ 

tlons should regions where 
Sed, ^damply illustrated. 
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membrane into the syringe. 

* Incubated for 1 minute \t *' 1 Ubstrata ,s the n 
color developed Cml^f, ^ 'Intensity of blue 
the sample P S«C and n a °n t e HCG Pr6S6nt ,n 
treated slmilariyuXgas£,^ttt- °° n,r0,S are 
50 mlU/ml 0 f hog anri f m l ' Utlon con tainlng 
« Th 9 amountofHCQl B ^ k t C ^ tain,ng no 

standard color charts. ^ V """Won to 
PvL 7 ? 6 ""P ,s conducted as in «A of f hte 

the syringe and S. I ^, Mmpto is drawn **> 
attached. The samptete^^ assemb 'y «•»" 
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PrgEaratfon of AntMjcg Membrane 
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Example 1 

Inlet cylinder contacted to ■ L yr ' n9S and tne 
conventionai S5S2 A a^Ef" a 

binding the^,?^ 
alkaline to 
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A. Direct 
B. Indirect 

support. ,' nert ""nibrane 

washed A^tfEffT ^ ^ 

added to the latex partlclefoIlrnlS at S Tta 
particles were then washed with i PB S IL « ^ 
* made to a 1% SUS p enslon 1^™ S wd fln «''V 

PBS containing 0.1% sldium^wL ° f Cass,n in 
memb^nes m 9 ay •» 
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Claims 

5 

1. A method to conduct an assay for an 
analyte in a sample, wherein the analyte or 
derivative thereof binds to an affinity partner, 
which method comprises : 10 
passing a volume of said sample through a 
membrane by means of a pressure gradient 
wherein the membrane contains the affinity 
partner for the analyte or derivative thereof, and 
detecting the analyte bound in the membrane. is 

2. The method of ciaim 1 wherein thB sample 
Is passed through the membrane by withdraw- 
ing said sample into a receiving chamber. 

3. The method of claim 2 wherein the 
receiving chamber is the body of a syringe or a 20 
vacuum manifold. 

4. The method of claim 1 wherein the sample 
is passed through the membrane by applying 
pressure to the sample against the membrane. 

5. The method of claim 1 wherein the affinity 2S 
partner for the anaiyte or Its derivative is an 
Immunoglobulin or derivative thereof. 

6. A method to conduct an assay for analyte 
In two or more samples simultaneously wherein 

the analyte binds to an affinity partner, which 30 
method comprises: 

placing a volume of each sample in contact with 
a membrane in which the affinity partner for the 
analyte is contained, and 

withdrawing each sample by means of a 35 
pressure gradient through the membrane into a 
receiving chamber, and 

detecting the analyte found in each membrane 
from each sample. 

7. The method of claim 6 wherein each 40 
sample Is placed in an outer chamber affixed to 

the corresponding membrane and withdrawn by 
means of a pressure gradient Into a vacuum 
manifold. 

8. An apparatus for the detection of anaiyte in 45 
a sample wherein the detection comprises 
reaction with an affinity partner, which appara- 
tus comprises: 

a supported membrane containing said affinity 
partner, said membrane supported In a housing so 
having means to attach said membrane to the 
orifice of a receiving chamber. 

9. The apparatus of claim 8 which further 
includes the body of a syringe attached to the 
housing. 55 

10. The apparatus of claim 8 wherein said 
housing engages said membrane by means of a 
deformable lip. 

11. The apparatus of ciaim 8 which further 
includes an outer chamber disposed at the top 60 
of the housing capable of accommodating the 
sample. 

12. A method to conduct an assay for analyte 
In a sample, wherein the anaiyte binds to an 
affinity partner, and wherein said binding is 6s 



detected by reaction with a labeled second 
affinity partner, wherein one of said first and 
second affinity partners Is specific for anaiyte, 
which method comprises: 
passing a volume of said sample, by means of a 
pressure gradient, through a porous support 
containing said labelled second affinity partner 
and through a membrane in which the first 
affinity partner for the analyte is contained. 

13. An apparatus for conducting an assay for 
analyte In a sample which comprises: a needle; 
attached to a housing in which is supported a 
membrane containing an affinity partner for the 
analyte, which membrane Is connected to a 
receiving chamber which includes a means of 
applying a pressure gradient through the 
needle and past the membrane into the cham- 
ber. 

14. An apparatus for conducting an assay for 
an analyte in a sample which comprises a 
means for applying a pressure gradient past a 
membrane in which a first affinity partner for the 
anaiyte Is contained, into a receiving chamber 
and having upstream of said membrane a 
parous support containing a second affinity 
partner conjugated to label, wherein at least 
one of said first and second affinity partners is 
specific for analyte. 

15. A kit suitable for conducting measurement 
of an analyte In a biological sample which 
reagent kit comprises: 

the supported membrane unit of claim 8, 
appropriate reagents In separate bottles, and 
Instructions for conducting the assay. 
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